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0 Composite membranes. 



0 A composltB membrane comprises a porous 
metal support and at least one porous inorganic film 
of sintered non-metallic partides carried by the sup- 
port and overtying a surface thereof. The film Is in 
longitudinal compression at ambient temperature, 
such that any cracks tend not to propagate. The 
compoete-membrane* are- meeharicaKy robust and., 
chemically inert and useW as filters e.g. in the food 
industry. They may be made by applying a sol or 
suspension of particles to torm a layer on the porous 

^metai support and heating the coated support to 

<^partly sinter the partlctes ot the layer. 
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those suiiabte lor separation and filtration pro- 
c sses including the ultra-filtration and micro-Wtra. 
Uon ranges. Ultra^Hration is gen rally acc pted to 
be d fined by retention of molecules or particles of 
the size range 20nm down to mm (Inm » 1 s 
nanometer « 10-»m). An Alternative way of ex- 
pressing this filtration range is by converting mo- 
lecular size to molecular weight on this basis it is 
the retention of species in the molecular weight 
range of 300.000 to 300. Micro-filtration is generally »o 
accepted to cover the size range of 20nm up to 
2000nm (i.e. 0.02 to 2 microns). Although there is 
no critical upper limit the porous films P'steraWy 
have an average pore diameter not more than the 
average diameter of the pores of the support « 

The films may be of sintered nonHretallic par- 
ticles, for example titania. alumina, ceria. zirconia. 
lead zirconate titanate (PZT). silica, mullite. refrac- 
tory metal oxides generally, and mixtures thereof. 
Such films can be formed by techniques generally » 
known, by applying a suspension of ttie Particles or 
orecursors thereof to the support, dewatenng the 
suspension, and heating the resulting ^^^J^ l 
temperture to partially sinter the particles. Where 
r^itcles are of sub-micron Size, this technique « 

may involve applying a sol to the support convert- 
ing the sol to a gel and heating the ge^. tt is 
necessary that the contact area between the par- 
ticles and the surfaces of the support be sum- 
ciently great" for the two to adhere together so that 30 
the films are bound to the support This requTO- 
ment places an upper limit on the permissible size 

of the particles. . 

Where the film Is formed from a suspension, 
this may comprise 60 - 95%. preferably 75 - 90%. os 
by weight of relatively larger particles, the balance 
being of much smaller particles. The larger par- 
ticles may have an average size in the range 0.s - 
50 microns, particularly 1 - 10 miaons. chosen to 
generate films with pores of desired size. The * 
smaller particles may have an average soBm me 
range 4nm up to 1 micron, but not more than W 

thtw»'thratee'c»'t»w^l»g«^P«'«««^^^®"!^^ 
particles act as a sintering aid. permitting thefilm 
to be Sintered at lower temperatures than wouW « 

other-wise be possible. They also in^PjOve adhe- 
sion between the films and the support "Hie pro- 
portions of the smaller particles should not be so 
^at as to substantlaly block the pores between ^ 
the larger particles. 

One embodiment of the Invention involves us- 
ing a colloidal sol of an inorganic material (such as 
a caramieoMde>-eFr».3otefe8«-ot'»' pe^wB^ 
cursor to an Inorganic material (such as a ceramic 
oxide) to the support. The colloidal sol may be ss 
derived by known means from an inorganic oxide 
powder, such as an oxide of the elements men- 
tioned above. More preferably the colloidal sol or 



polymeric solution is derived by hydrolysis of a 
m tel alkoxide. For example, boehmite sols may be 
prepared using th procedure describ^ m US 
Patent 3.944.658. According to this procedure, an 
aluminium alkoxide is hydrelysed in an e)«e8S o^ 
water maintained at BOPC. and subsequently pep- 
tized with an acid, to fom a clear transparent so^ 
The sol consists of colloidal Pa^cles of stable 
crystalline aluminium monohydrate. AIO(OH). as- 
persed in the aqueous phase. The sol so produced 
wpically contains about 30 gr' of aluminium val- 
ues e)iressed as AUOa. and can be ad,u^d to 
the desired concentration for coating by dilution 
with water or evaporation. Coatings may be 
achieved with sols of concentration up to 190 g . 
preferably 10 gl"' to 90 gl"'. of alum-nium v^uM 
expressed as AlaO,. The sols may be hydro* 
mally treated to increase Parti^e ^^e and hence 
viscosity. A typical treatment woukJ be to heat for 3 
houre at 200OC in an autoclave. As an alternative 
example. -Ti-O-Ti- polymer solutions may be pre- 
oared using a procedure similar to that descnbed 
r^e artide by C J Brinker and M S Harrin^ m 
Solar Energy Materials. 1981. volume 5. 159-1^ 
whareln a Senium alkoxide is partially hydrolysed 
in an alcohoBc solution at room temperature in the 
presence of an acid catalyst to fomt a «abte -Ti-O- 
^ polymer solution. The solution so produced 
SpiSrcontelns about 10 to 30 gl- of titimim 
!Sues expressed as TIO*. and can be adi^edto 
the desired concentration for coabng byj««PO«^ 
tion of soh/ent or further dilution with ak»hol. The 
sol or solution can be appHed to the support in the 
freshly concentrated stete. or aged to i«^a?a® ^ 
viscosity prior to application. Control over «« film 
thtokness in the composite membrane can be 
aSieved in part by control over the concentration 
and viscosity of the sol prior to application. 

?is derived from a sol. the porous mm 
overtying the support is preferably of substen^y 
uniform thtekness from 0.05 to 10 
larty from 0.1 to 5 microns. Above 10 miaons 
,hi4oasitbetft.ia.a risk of "mud<racking of the 
porous film. The thkdcer the porous film, the tower 
is the liquid flux obtainable through it on flrtraton^ 
and for this reason a preferred maximum limit is 

set at 2 microns. 

men the film is derived from a suspension, 
the minimum film thickness is related to parftde 
size and is typically three times the average par- 
ticle size (excluding any sintenng aid). 

The films contein pores of substentially unifonn 

pora^size. preferably substentlally free of cracks 
^pinhol^ The average pore size is preferaWy 
from 0.5 nm to 5 microns but less than that of the 
support, particularly from 3nm to i micron and 
p^^ mwTthan twice th average size are prefer^ 
ably sut)stantially absent 



3 



5 



EP 0 344 961 A1 



6 



Various techniques are known for pr venting 
the sol or supsension from penetrating the pores of 
the support. One solutton {described in Canadian 
Patent specification 1196873) is to provide an or- 
ganic binder In the pores of the support, either all 
through the support or alternatively at the surface 
to which the sol or suspension is applied. The 
coated support is then fired to volatiiise or bum off 
the organic binder, and to partly sinter the particles 
of the coating layer. Another solution (described in 
our British Patent Application Number 8910577.9 
filed on 8 May 1989) involves applying a non- 
porous fugitive film to the back surface of the 
support membrane, prior to applying the sol or 
suspension of particles to the front surface. Air 
trapped in the pores of the support prevents pene- 
tration of the sol or suspension. On heating, the 
fugitive layer is easily volatilised or bumed off the 
back surface. 

However, it is not necessary to render the 
support non-porous in this way. Further in order to 
prevent the ingress of the sol or suspension it is 
possible to increase its viscosity. This can be done 
simply by adding a relatively viscous miscible or- 
ganic liquid. Alternatively, a relatively viscous rela- 
tively high boiling point liquid, for example a poly- 
mer such as polyvinyl alcohol or a polyol such as 
ethylene glycol or glycerol, may be added and 
thereafter heated to remove some or all of the less 
viscous liquid but without breaking down the sol or 
suspension of Inorganic material. 

•Addition of a binder may be helpful, particularly 
in cases where the sol or suspension has to bridge 
the rather coarse pores of the support. Various 
materials can be used for this purpose, including 
polyvinyl alcohol and methyl cellutose. In additiof> 
to thickening the sol or suspension, a material of 
this kind may act as a film-fonning binder, or may. 
particulariy in the case of methyl cellutose. act as a 
wetting agent Suitable concentrattons are readily 
detemiined by experiment and are likely to be in 
thrraitgef'^of»^0''tif SQ'gi^^*' - 

Addition of a surface active agent to the sol or 
suspension prior to application aids the fomiation 
of thin unifbma layers. Non-ionic surfactants such 
as Nonidet (Octylphenyl ethylene oxide condensate 
supplied by BOH Chemicals), or Methocel {methyl 
cellutose polymer supplied by Dow Chemical Com- 
pany) added typically at the concentration level of 
0.1 to 1 percent by w ight can result in thinner 
layers than are oth rwis obtained. 

The" layers?' carr ber forrrwd^ orr-thtf support' by^ 
deposition of a concentrated sol or suspension 
followed by air drying. Various techniques including 
bmsh, spray, dip. spin c ating, electrophoretic and 
thermophoretic techniques may be used to apply 
the sol to the support Spray coatings can be 
applied using an aerosol method. A sintered sup- 



port is suspended vertically to permit excess sol to 
drain off and spraying is conducted until full cov- 
erage of the surface is achieved. 

To prepare spin coated composite membranes. 

5 a sintered support can be attached horizontally to 
the platen of a commercially available spin coating 
unit A known quantity of the concentrated sol or 
suspension is applied to the support surface and is 
permitted to reside thereon for a predetermined 

TO period of time typically up to 60 seconds. Excess 
is removed by spinning the coated support, typi- 
cally at a speed from 200 to 2000 rpm. The thick- 
ness of the film is controlled by the concentration 
and age of the sol or suspension, it residence time 

15 on the support surface, and the spin speed and 
spin time. 

The sol or suspension may include a powder 
passenger, such as flame hydrolysed alumina or 
graphite, as a crack inhibitor. 
20 The freshly coated support is then heated to 
transform the layer into a microporous refractory 
film. For example, heating converts a boehmite gel 
layer into a mechanically stable gamma-AlaOa 
structure. Heating conditions are not critical to the 
25 invention and may be conventional, bearing In mind 
the need to avoid thermal shock whteh might result 
in the fomnadon of cracks or pin-holes. A typical 
heating schedule tor a boehmite gel layer might 
be: (a) heating at 50^ per hour to 200*»C foltowed 
30 by Isothermal treatment at 200»C for IS minutes, 
(b) subsequent heating at 200*'C per hour to 450 - 
eSO'C foltowed by an isothermal hold for 15 min- 
utes, (c) cooling at 50»C per hour to room tempera- 
ture. The first part of the heating schedule up to 
35 200**C is designed to remove absort^ed water, the 
second stage to 450 - 650*C removes bound water. 
bums of any binder and transforms the gamma- 
AIOOH to gamma-AlzOa. This transformation oc- 
curs at temperatures at or above 390**C. Finally, 
40 the individual Isolated particles of alumina sinter 
together, eventually becoming fuUy dense if a high 
enough^tomperatorr^is* reached. At high tempera- 
tures, organic binders bum out and may leave 
voids which contribute to porosity. If these are not 
46 desired, it may be prefenred to apply a final coating 
of a sol not containing any organic binder. 

On cooling to room temperature, the metal 
support contracts more than the porous (e.g. re- 
fractory oxide) film. The physical dimensions of the 
50 porous film were defined at the sintering tempera- 
ture and matched those of the support at that 
t9^1pe«W0^ Si^'tortg art^^ 
bonded so as not to spall off. the major stressing of 
the film Is compressive, an ideal situation from the 
55 viewpoint of a ceramic structural component Thus, 
when th porous film is subjected to a high pres- 
sure differ nee in use. it will only be toaded in 
tension when the original compressive pre-loading. 
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which can be predicted and controlled in advance, 
is backed off to a sufficient degree. 

The follonving advantag s should be noted for 
various embodiments of the invention: 

a) The composite membranes are plastically 
deformable without cracking, and are therefore less 
likely to suffer from handling abuse. 

b) Although defects are inevitable in porous 
films formed of refractory oxides, these defects do 
not propagate, because the microporous film is in 
tongitudinal compression rather ttian tension at am- 
bient temperature. 

c) Supports of sintered metal are cheap 
compared to ceramic supports. 

d) Metal supports are easily fixed. e.g. by 
welding, crimping or brazing, to a rigid metallic 
support structure, either before or after application 
of the microporous film. 

e) Plastically deformable supports can be 
profiled to create vortices in the fluid being filtered 
so as to avoid blockaga, e.g. as described in US 
4075091. 

f) Metal supports are electrically conductive, 
and porous films can be made electrically conduc- 
tive e.g. by using a doped titania sol or by incor- 
porating in them a minor proportion of graphite or 
other powdered conductor. 

g) The compositB membranes are easily 
sterilised by heat or otherwise, and have excellent 
chemical resistance. These features make them 
particutariy suitbie fbr use as filters e|.g. in the food 
and chemical industry. 

The invention is supported by the following 
experimental woric 



EXAMPLE 1 



Materials 



A) Substances 

Sintered stainless membranes of pore size 2 
am were obtained from Pali Pomus Metal Products 
In the form of sheets 0.5 m x 0.2 m x 140 urn 
thick. 

The substrates were prepared for coating by 
preheating in a solution of 7 parts sodium dichro- 
mate, 7 parta sulphuric add and 400 parts water at 
TO^C for 15 minutes. This is a standard pretreat- 
ment for acflies^e bonding of stainless steels. 



6) Sol composite and concentration. 



Boehmite sols of concentration 30 gi*^ were 
prepared as described. 500 ml aliquots of the sols 
were hydrothermaily processed in a 2 fitre capacity 
autoclave for 3 hours at 200®C. The 90 gl*' sols 
5 were prepared by thermal evaporation (at 80^C) of 
ti)e hydrothermaily processed 30 gr^ sols. 



C) Binder Composition 

70 

Polyvinyl alcohol (PVA) and methyl cellutose 
(Metiiocel) binders were obtained in tiie form of 
powders. 

IS 

EXPERIMENTAL PROCEOURE 



i) Determination of optimum binder composition 
^ and concentration. 

The binders were diluted witit water and added 
to boehmite sols of concentration 30 gi*^ or 90 
gr^ alumina The excess water introduced witfi the 

2S sols with the binders were removed by evaporation. 
A minimum binder addition of 10% to tiie 90 
gr^ sol was reqtired in order to yield an appre- 
ciable Increase in viscosity. Addition of greater tiian 
50 w/o binder resulted in gelation. Optimum binder 

30 additions were determined to be - 18 w/o for fhe 
90 g|-' sol and - 40 w/o for the 30 gr^ sd. Both 
binders were selected for hiriher study, as their 
effect on sol viscosity was similar. 

30 gr' and 90 gl"^ concentration boehmite 

38 sois, with or without binder, were deposited sue* 
cessfully by spray-coating as tttin films onto Pall 
porous metal filters. Multiple spraying witii up to 5 
coats was necessary to ensure a complete coating. 
The maximum film thickness obtained was 10 am. 

40 Above this tiie film cracked. 

Following coating, ttie sol-gel films formed 
wltiiin the metal substrates were examined in the 
get state' asing optical and scanning electron micro- 
scopy (SEM). The composites were calcined using 

4S tiie following heating schedule: heating at 
50°C/hour to 200^C. holding 1 hour, heating at 
50**C/hour to 450*C, holding 1 hour, followed by a 
sk)w furnace cool to room temperature. The cal* 
cined samples were examined for coating integrity 

so and tiilckness using optical microscopy and SEM. 
and recoated and cak:ined if cracks were observed. 

From the fact that ttie X«ray diffraction pattern 
i's'diisfortM.' ifis" pas9ib(e^'t«i''dediraet tti^ thfihvirhrr. 
organic film overtying the support was in longitudi- 

55 nal compr sslon. This feature coukj be demon- 
strated by dissolving away the support and observ- 
Ing the composite membrane to curi. 
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EXAMPLE 2 



A piece of Pall porous stainless steel was 
pretreated by inMnereion in a solution of 7 parts 
sodium dichromate. 7 parts sulphuric acid and 400 
parts water at 7l»C for IS minutes. 500 ml of a 
boehmite sol of concentration 30 g/l was hydrother- 
mally processed for 3 hours at 200»C in a 2 litre 
hydrothermal autocl»«. Flame hydrolysed alumina 
powder was added to the sol to a concentration of 
50 weight %. The sol was spray coated onto the 
surface of the Pal! metal filter using an aerosol 
method. Deposition was continued until complete 
coverage of the metal filter had occurred. The sol 
was permitted to gel. and the coating process 
repeated. The composite membrane was calcined 
by heating in air using the following heating sched- 
ule- SO'G'hour to 200«C: holding for 1 hour. 
SO-O-hour to 450«C: holding for 1 hour, fumace 
cooling to room temperature. 

A 25 mm diameter sample of the matenal was 
sealed into a holder with a Viton •O'-ring. Thus the 
membrane separated two chambers, each of which 
had a single port. Hefium gas was then fed into one 
chamber under pressure: it diffused through ttie 
ceramic membrane and passed out of the ofter 
chamber through a nonreturn valve. The helium 
gas-flow rate was controlled in- the range 10 ml to 
^00 ml/min. normalteed to standard temperature 
• and pressure. This was done by using a commer- 
cially available mass flow controller. The pressure 
drop across the membrane needed to maintain the 
set flow rate was then measured with a differential 
pressure gauge. By plotting graphs ot differentia^ 
pressure against flow-rate for both samples and 
obtaining Hnear relationships passing through the 
origin over the complete range of flow-ratss. rt was 
demonstrated that there was no significant leakage 
of Helium gas around the 'O'-ring seal. By perform- 
ing replicate experiments and obtaining, within nor- 
mal experimental variance, identical results, it was 
judged that the specimens had not suff&red any 
craddng of the ceiBmIc component during the firfl 
test This was confirmed by light microscopical 
examination of the samples after they had been 
raiTU>ved from the experimental cell. The tempera- 
ture at which the experintwnt was carried out was 
40»C and the effective diameter for gas permeation 

was 22 mm. 

The result of the test was as follows: quoted In 
units of flux per unit pressure difference across 
each membrane. 

Example 2 - 940 ml/min/cm^/Bar 



EXAMPLE 3 

A sample of Pall porous stainless steel mem- 



brane was pretr ated according to the procedur 
described in Exampi 2. The membran was spray 
coated, using an aerosol method, with a mixture of 
hydrothermally proc ssed 30 gl- boehmite sol 
s and 20 gr' polyvinyl alcohol, until complete cov- 
erage of the membrane by the sol was achieved. 
Heat treatment using the schedule described in the 
previous examples yielded a composite membrane 
comprising a metal substrate with a thin sol-gel 
,0 surface film of thickness less than 10 microns. The 
membrane was plastically deformed by bending 
through 20» permanent defomiation around a cylin- 
drical former of radius 3 mm. such that the sol-gel 
film was on the convex surface of the membrane. 
,5 Scanning electron microscopy of the deformed 
area revealed short fine cracks in the sol-gel film 
along the ridges of the bend. The sol-gel film 
remained well adhered to the metal substrate, and 
no spelling of the film occurred. 

30 



EXAMPLE 4 

A sample of Pall porous stainless steel mem- 
js brane was pretreated. coated and heat treated ac- 
cording to the method described in B<ample 3. The 
membrane was plastically defomied by bendng 
through 5* of permanent deformation around a for- 
mer of radius 10 mm. such that the sd-filrn was on 
30 the concave surface of the membrane. Scanning 
electron microscopy of the deformed region re- 
vealed no evidence of cracking or removal of the 

sol-gel film. , ^ 

X^ray diffraction studies establish that ttie po- 
35 rous rums of tiie composite membranes of all *e 
B(amples are in biaxial compression at ambient 
temperature. 



40 EXAMPLE S 

rg of ShCU SPea were dissolved in 25 ml of 
HsO and further diluted to 90 ml with water to yield 
a solution with an equivalent concentratioii of 38 

46 gr' of SnOi. 4.2 ml of this solution was added to 
21 ml of indium sol prepared according to Bntsh 
Patent 1351113. concentrated to 84.6 gr' In^Oa. 
This doped sol was referred to as mixture A. A 
mixture of identteal composition, mixture 3. having 

50 a total volume of approximately l litre, was spray 
dried under the following conditions: inlet temper* 
tiire 20fJ°C: outlet temperature gOTC". spray raie z.sr 
1/hour. This yielded 104 g of spray f ed powd« 
containing 73 wt% of mixed oxides, of partici size 

55 less ttian or equal to 15 um. 

After calcination at SOO-C the spray dned pow- 
der was ball milled for 24 hours to reduc the 
partk:le size to less than 0.5 microns. 23.9 g of this 
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powder was added to mixture A to form a feed 
dispersion containing 93% solids with a viscosity of 
54 centtpofsa and a concentration of 923 gt** of 
mixed oxides. 

The feed dispersion was sprayed onto a po* 
reus stainless steel membrane (pore size 2-6 
microns), which had been cleaned and pretreated 
by immersion for 16 hours in a solution of sodium 
dichfomate, sulphuric acid and water. Heat treat- 
ment (the coated membrane has heated and cool- 
ed at SO^Oh) at 800^0 in air for 2 hours trans- 
formed the coating into a microporous indium*tin 
oxide film of thickness less than or equal to 10 
microns. The pore size of the coating was less than 
0.1 microns, and it displayed an eledrical con> 
ductivity after heat treating in air of 10 (Ohm cm)~*. 



EXAMPLE 6 

8g of methyl cellulose was dissolved in 75 ml 
of distilled and deionised water. 47.25g of this 
mixture was combined with 52.75g water, 31 .5g of 
zirconia powder of mean particle size less than 2 
microns and 3.59 of zirconia powder of mean par* 
tide size less than 02 miaons. The slurry this 
fonned was balknilled for 3 hours. 25 mm dlam- 
eter discs were cut from a sheet of microporous 
stainless steel membrane (2 micron nominal pore 
size, Mott Metallurgical Cdrporation). The discs 
were pre^treated by dipping for 30 seconds in a 
5% solution of sodium silicate, followed by air 
drying. A bnjsh method was used to coat the discs 
wi^ ceramic slurry. 

After coating the (fiscs were air dried. To en-» 
sure complete coverage the coating procedure was 
repeated Heat treatment for 1 hour at 950% re- 
sulted in a composite metai-ceramic stnjcture 
wtiereby the ceramic slurry was well adhered to 
the metal discs. The membrane was examined by 
optical microscopy and SEM which revealed that 
the coating was complete and 30 microns thidc 



Claims 

1, A composite membrane comprising a porous 
metal support and at least one porous inorganic 
film of sintered non-metallic particles carried by the 
support and overlying a surface thereof, the film 
being in biaxial compression at ambient tempera* 
ture. 

2^AvCQmpositamea3br^ c\dki\ 
1 , which is plastically deformable without cracking. 

3. A composite membrane as claimed in claim 
1 or claim 2. wherein the Inorganic film is fonmed 
by a sol-gel technique. 



4. A composite membrane as claimed in claim 
3, wherein the Rim has a thickness of 0.05 to 10 
microns. 

5. A composite membrane as claimed in any 
5 one of claims 1 to 3. wherein the support com- 
prises sintered metal having an average pore size 
of from 1 to 10 microns. 

6. A composite membrane as claimed in any 
one of claims 1 to 5, wherein the fitm has an 

10 average pore size of 0.5 nm to 5 microns but less 
than the support 

7. A composite membrane as claimed in any 
one of claims 1 to 6, wherein the film is of alumina. 

8. A method of making the composite mem- 
IS brane claimed in any one of claims 1 to 7, which 

method comprises providing a porous metai sup- 
port membrane, applying to a surface thereof a sol 
or suspension of particles to fonm thereon a layer 
that does not substantially penetrate the pores of 
so the support and heating the coated support to 
partly sinter the particles of the layer. 

9. A method as claimed in ctalm 8. wherein 
oxide or hydrated oxide sol is applied to a surface 
of the membrane and there converted to a gel 

2S which is dried and heated to convert it to the 
porous inorganic film. 

10. A method as claimed in claim 8. wherein 
there Is used a suspension of 60 - 95% by weight 
of relatively larger particles, and correspondingly 

30 from 40 -5% of relatively smaller particles to act as 
a sintering aid. 

11. A method as claimed in any one of claims 
8 to 10. wherein the support is formed or profited 
into a desired shape prior to application of the sol 

3S or suspension. 
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